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The uppermost, shallow water-bearing zone consists of gray to brown
fine to medium-grained, gravelly sand and silty sand which is representa-
tive of the artificial fill material. This zone is continuous across the
plant site and ranges from 3 to 13 ft in thickness, with an average thick-
ness of about 10 ft. This uppermost zone thickens predominately across the
plant site in a west to east direction but thins as it reaches plant
boundaries in either direction. The surficial zone is thickest at the
northern-most edge of the plant site along the Hylebos Waterway.

Underlying the surficial sand zone is a low permeability brown and
gray zone composed of interbedded clayey silt, silt, and fibrous organic
peat. Grain size analyses indicate a silt or clayey silt with some sand
and a high organic content. These deposits are probably representative of
the tidal marsh deposits upon which the fill. material was originally
placed. This unit ranges in thickness %rom 3 to 18 ft. Thicknesses of
this zone are laterally discontinuous with a distinct trend indicating
thinning towards the Hylebos Waterway, especially in the vicinity of moni-
toring stations P-1, P-2, and P-3.

An intermediate sand zone occurs next in the lithologic profile. As
indicated by the borehole logs and the grain-size analyses, this zone
consists of a gray, very fine to fine sand with traces of silt. This unit
is continuous across the plant site with the thickness varying from 3-
15 ft, with an average thickness of about 8.5 ft. This sand unit increases
in thickness in the vicinity of monitoring stations P-2 and P-3.

Separating the intermediate and deep sand unit is another low per-

meability zone comprised of layers of clayey silt and minor amounts of

ELF000182



w— i WAEE TH COMECWCEWEET v

HYLEBOS WATERWAY

18-~
]
i
127 \ ot
| il
{ wmga |
r:;:uu i | 4 I:'
Sz el D e —
14 T
i e
s %4 _.
| TR P
18 i pm

.
:
/
|

|

pame—
Waiy FOAR TaTLgh [T T E——

REICHHOLD
CHEMICALY

L B FOSTER
WAREHOUSES

i
= ar il

L

[
T AT
wiF o= =
L O
ATl
i ]

el

En-i.aa!‘.-a-

Lower L

Contour




A-f1
11"?
N
Pl
s —
D:l. 'l!ﬂ':
T R - LIRS — FATIFIE
Y N
. A |I g \Q
e X TR
i,\-l 4 | LT T -".\\\12
y - .
—— ?dx_d } -
I'!I"'u-“r;l---._.u - F

.

14
=]
(e
FEWMWALT PROPERTY LINE 7
' PETROLEUM

MECL AiMING

=T NFl --@

gl e WL
DAl W ia

W

ide - 7T.B1oet above M3L datum

rak

20:61, April 30, 1981

2leet

1foot (supplemental confours) .

16

L= PACIFIC

SCALE N FEET

ao O

(i n]

—THE ——

RWRRE

CORRPORATION

MASHYILLE, TERMESSER
HOUSTOM, TERAS

PENNWALT GORF.
Tacoma, Waah.

FIGURE 4.13
INTERMEDIATE ZONE POTENTIOMETRIC

SURFAGE MAP AT LOWER LOW TIDE,
APRIL 30, 1881

o

522000475



e | S T EEINCT ST NT R

HYLEBOS WATERWAY

14 —

]
] 1 [ sRrE 5
GTPBEUM :
| K,
A _!‘,,..--'I
14 i [
i ™y
L]
i J —
L] 3 e, R s
- ki
16— i —'afﬁ
[] = wEErpELGE T
1 Lol L)
&
| i ey . ~—— i
B . = == - - Tinigs w=ap_
R I - e l
1
|
AEICHAOLD \ LB FOSTER
CHEMICALY i WARLHOUSLS
n
— v ] . —
1|_ mir
W e
W i Rl FOw
O wrITEImATI (o @
& CITF IOl DT O
& ERL EORiEg
- WRNTE RANPFLD
0 e
) [annn T
Higher High

Confour Inte




. 4-62

16

La=PFACIFIC

PETHOLEUM
FLCL Aas MG

. W
LA

17.37Teet above MSL datum
03:24, May 1, 1881

2ieet
1foet supplemential counl contours

SCALF w FEET

00 gy O Ll
P e

———T® FiF i aAD E!I

=—THE

MnnE MAaSHVILLE, TENMNESSTE

CORPOARATION MOUSTOM  TELAS

PENNWALT CORP.
Ti“ﬂmll Wash.

FIGURE 4.14

INTERMEDIATE ZONE POTENTIOMETRIC
SURFACE MAP AT HIGHER HIGH TIDE,
MAY 1, 1881

gzz0003T2



e = LI D OEeieCiwinT s

HYLEBOS WATERWAY

FLANT EabCrie = -

g FruwwaLr
PROPEATY

LINE

1\ i

A e A A0aE TR mh iy j

REICHHOLD
CHEMIGALS

LB FOITER
WAREHOUSES

mir

L4

TVLLOY WRT G (DR WO
ST o Tl Foes e rpa
BT F FOmi oo T WYL
L L]

WARTE  Rmep

T

s 808 §—

¢
i

Contour Interval:

Lower Lew Tide




4-63

TLi

LEZ0004TH

~—THE I
ﬂUJHRE NASHYILLE, TENNISSEE
coRPOEaTIOn  HOUSTON, TEXAS
L PENNWALT CORP.
ot supplemental contaurs Tacoma, Wash.
leel above MSL datum FIGURE 4.15
9, July 3, 1681 TMRIEAL :
« July 3, i a = INTERMEDIATE ZONE POTENTIOMETRIC
e SURFACE MAP AT LOWER LOW TIOE,
JuLy 3, 1081
' s




4-19

- fibrous organic peat. This unit was found to vary in thickness from about

5 to 22 ft. An examination of the the lithologic'profi1es indicate that
this unit is continuous across the plant site but tends to thin along a
north-south axis through the area bounded by monitoring stations P-2 and
P-3.

The deepest unit encountered beneath the plant site was a sand unit
comprised of gray to dark gray, slightly silty and silty fine sand with‘
occasional thin, discontinuous lenses of sandy silt. Shell fragments were
found abundantly throughout the samples. The thickness of this unit
exceeds 20 ft but the base was not established in this study. This deep

zone was found to be continuous across the plant site.
4.6 SOIL QUALITY

4.6.1 Sampling Program

In order to determine the concentrations of potential contaminants
entrained in the surficial deposits at the facility, split-spoon samples
were collected at intervals of 0.0-1.5, 3.0-4.5, and 8.0-9.5 ft in each of
ten deep monitoring well borings and in the boring for shallow well P-11.

In addition, split-spoon samples were collected at jntervals of 0.0-1.5,

3.0-4.5, 8.0-9.5, and 13.0-14.5 ft at test borings p-B1, P-B2, and P-B3

located at the Penite and Agchem sites (reference Plate for locations). A

summary of all soil samples collected as part of this initial investigation
is included in Table 4-3 with the logs of each boring being included in

Appendix B.
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A1l soil samples from the deep monitoring wells and the three test
borings were collected by Kring Drilling Company under the direct super-
vision of a field hydrogeologist from Shannon & Wilson, Inc. Immediately
following collection, each split-spoon sample was wrapped in aluminum
foil, labeled on the inside and outside, placed in a plastic, zip-lock bag,
and kept in a cooler containing dry ice. The soil samples were delivered
daily to the Pennwalt laboratory where AWARE personnel determined pH and
split each sample for subsequent physical and chemical analyses. A1l soil
samples requiring chemical analysis were subsequently delivered to Laucks
Laboratory where simulated leaching tests with analysis of limited
parameters.

As part of the overall investigation of waste constituents entrained

in the surficial deposits, four supplemental test borings at the Agchem

site_and two supplemental borings at the Penite site were drilled by

Environmental Emergency Services of Portland, Oregon (reference Plate for

tocations). Direct supervision was provided by an on-site AWARE geolo-
gist. The purpose for these supplemental borings was to sample actual
waste materials and the geologic materials immediately underlying the
waste materials. A summary of these waste and soil samples are provided in
Table 4-3 with the logs of the supplemental borings being included in
Appendix B.

Each of these borings was cpmp]eted to a depth ranging from 11.5 to

16.5 ft with samples being collected at approximately 2 to 3 ft intervals

w

depending upon the nature of materials encountered in each boring. The

- first two samples from each boring were considered to be actual waste
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samples with the deepest sample being representative of the underlying
geologic materials. Following collection, each split-spoon sample was
wrapped in aluminum foil, labeled inside and outside, placed in a plastic
zip-lock bag, and kept in a cooler containing dry ice. The upper two waste
samples from each boring were subsequently composited by Laucks Laboratory
with EP toxicity tests being performed for each composited sample. Those
samples collected from beneath the expected waste samples were subse-
quently split by AWARE personnel with pH measurements being made
(Table 4-3). These samples were submitted to Laucks Laboratory for simu-
lated leaching tests with analyses of the limited parameters listed in
Table 4-4 being conducted.

Following a review of the physical and chemical data generated from

this initial test boring program, it was determined that additional test

borings were necessary in the area of the old Penite area in order to more

accurately establish the location of the previous disposal sites. Prior to

jmplementing this supplemental drilling program, old aerial photos of the

plant site were closely reviewed to permit better placement of proposed

JLorings. Ultimately a total of nine additional test borings were installed

in the Penite area by Kring Drilling under the field supervision of a staff

_hydrogeologist from Shannon & Wilson, Inc. The locations of these borings

are depicted in Plate 1 (borings P-B4 through P-B12).

The nine supplemental test borings were completed to depths ranging

from 8.5 to 10.0 ft with continuous split-spoon samples being coliected

between a depth of 2.5 ft and the bottom of the boring. Following collec-

~ tion, each split-spoon sample was properly logged, labeled, wrapped in

ELF000195
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aluminum foil, placed in a plastic bag, and retained for possible future

Analysis. The logs of these supplemental borings are included in Appen-

dix B.

4.6.2 Analytical Results

The simulated leaching tests performed on the soil samples collected

as_part of this program involved a procedure identical to the EP toxicity

lesting method with the exception that the leaching med1um was initially

adjusted to a pH of 5 with no other pH adjustments being made during the

24-hr mixing period. The pH of 5 was utilized to simulate rainfall condi-

Lions at the Pennwalt facility. Natural field leaching is expected to

produce lower concentrations than the results from the simulated leaching

test due to the complete mixing conditions to which these samples were
subjected. The results of these simulated leaching tests are presented in

Jables 4-4 and 4-5.

The results of the simulated leaching tests performed on sampies from

the monitoring wells indicate that very small quantities of the selected

parameters are entrained in the surficial deposits which are available for

subsequent release to the groundwater system (Table 4-4). The most

readily available constituents, as expected, include sodium, magnesium,
calcium, and chloride. These parameters were found in higher concentra-
tions than other constituents; however, the concentrations detected in the
soil samples were significantly lower than the concentrations found in
groundwater samples from the intermediate zone. With the exceptions of
arsenic, antimony, and zinc, the concentrations of all other constituents

were very low with values being below or very near the detection limits.
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Pesticides were not detected in any samples above trace concentrations
with the majority of pesticides not being detected in the samples
(Table 4-5).

The concentration distribution of antimony in the surficial deposits
also reflects the influence of the Penite site with the higher antimony
concentrations being found in samples from monitoring wells P-6, P-3 and
soil borings P-B1l and P-P2 (Table 4-4). The high antimony concentration in
sample P-S-9D-3 is not understood. The elevated zinc concentrations de-
tected in several soil samples did not show a distribution attributable to
any definable waste source or any discernable relationship to other para-
meters analyzed as part of the program.

As expected, the highest concentrations of arsenic were detected in

samples from monitoring well P-6D, and in test borings P-Bl, P-Pl, and

P-P2, all of which are located in the area of the Penite disposal site.

Concentrations of arsenic at these stations ranged from 0.0l to 90 mg/1.

The highest arsenic concentrations were found in samples collected from

depths between 13.0 and 16.5 ft. The concentration of arsenic obtained

from EP toxicity testing of samples from boring P-P2 was 300 mg/1.—All of

these values are significantly lower than the arsenic concentrations that

have been detected in groundwater samples from monitoring wells down-

gradient of the Penite area. This would tend to indicate that the arsenic

is _in a highly soluble form resulting in only small residual concentrations -

being present in the underlying deposits.

Based upon the physical observations made during the subsequent

| drilling of the nine supplemental test borings, it appears that approxi-
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mately 1.5 ft of gray Penite sludge was encountered in boring B-12 (Plate 1

r location). This gqray sludge-like material w ntered between

and 4.5 ft below ground surface, It js thought that this material repre-

sents a residual sludge which accumulated in a small settling pond, approx-
imately 50 ft by 30 ft, whch was utilized when the Penite facility was in

ogeration.

Due to the very 1ow'and isolated quantitated concentrations of the

various parameters detected in the selected soil samples, there appears to

be very low quantities of contaminants entrained within the unsaturated

zone at the Pennwalt facility. For example, the two highest concentrations

of arsenic in samples from the unsaturated zone were only 3 and 10 mg/1 in

Well P-6D with all other samples having arsenic concentrations less than

2 mg/1.

The probable Penite sludge encountered in boring B-12 is situated in

the uppermost part of the saturated 2zone in the upper surficial fill

material. As a result, the leaching of contaminants from this sludge will

be controlled by groundwater movement through the material rather than

through infiltration. Therefore, due to the thin unsaturated zone and the

low concentrations encountered in the unsaturated zone samples, it is

expected that only very low concentrations of various constituents would

be available for future leaching from infiltration. When compared to

concentrations already detected in the groundwater, these values are

extremely lTow and would not be expected to have any appreciable influence

.on the groundwater system.
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4.7 GROUNDWATER CONDITIONS

4.7.1 Regional Conditions

Groundwater in the Puyallup delta region of Tacoma harbor is found
under water table, semi-confined, and confined conditions. The delta
deposits underlying the area consist of interbedded sands, silts, and
clays with laterial lithologic changes. The sand and silty-sand beds are
generally the water yielding zones in the delta deposits.

Recharge to the delta groundwater system will occur locally by infil-
tration of precipitation and from upgradient surface water sources such as
the Hylebos River and Puyallup River. The movement of groundwater is from
the areas of recharge to discharge areas along the waterways or from deeper
zones in the delta directly into Commencement Bay.

Water quality data show the salinity of the groundwater may range up
to 10,000 mg/1 sodium chloride (NaCl) through most of the depth of delta
deposits (Hart and Crowser, 1980). The uppermost deposits have lower salt
concentrations, probably from dilution by infiltrating precipitation. The
salt concentrations found in the groundwater will also decrease with dis-
tance inland from the bay.

High sodium and chloride concentrations found in the groundwater
inland from the bay may have been caused by several different mechanisms.
Sea water intrusioh caused by depletion of the fresh water in the aquifers
is not considered a reasonable source because groundwater pumping is not a
major water source in the Puyallup delta area. Deposition of wind borne

salt on land surface and subsequent flushing into the ground by infiltra-

g
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tion of precipitation could be one source. Flooding of low areas by high
tides during storm events could also contribute salt to the groundwater.
Leaching of residual salt from dredged material from the waterways uti-
lized as local fill is another potential source for sodium and chloride

contributions to the groundwater.

4.7.2 Site Specific Conditions

The groundwater monitoring well drilling program identified three
separate water-bearing zones at the Pennwalt facility. These three zones
are identified as the shallow surficial zone which occurs under water table
conditions, the intermediate zone which occurs under confined conditions
and the deep zone which also occurs under confined conditions. Lithologi-
cally the water bearing zones are silty fine-sand to coarse-sand units
separated by silty clay or organic clay units. The water level elevations
measured in the wells screened in the intermediate and deep zones showed
the two units to be under confined or artesian conditions. The lithologic
sequence found at the site is represented by the uppermost units of the
Upper Lithologic zone of the Puyallup River Delta.

Water level measurements in the intermediate and deep zone monitoring
wells were made through low and high tidal cycles on April 30 - May 1, 1981
and July 3, 1981 (Tables 4-6 and 4-7). Water level measurement for the
shallow surficial monitoring wells and the intermediate zone monitoring
wells were made on August 11, 1981 (Table 4-8). Representative hydro-
graphs of the water level measurements from these zones are shown in

Figures 4-8 and 4-9.
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The hydrograph of the deep zone monitoring well water levels shows the
potentiometric change in water elevation caused by low and high tides in
the waterway (Figure 4-8). The tidal effect is greatest near the waterway
and lessens with increasing distance from the waterway; however, the tidal
effect was found to extend across the entire plant site. The water levels
measured in the intermediate zone show a tidal response in the wells
nearest the waterway but the effect diminishes across the property and is
not present in the monitoring wells farthest from the waterway (Fig-
ure 4-9). The hydrographs comparing the measured water levels in the
shallow surficial zone wells to the water levels in the underlying inter-
mediate zone wells show that no tidal effect occurs in the shallow zone
(Figures 4-10 and 4-11). The tidal response in the aquifers will effect
the direction and amount of groundwater flow in the different water bearing
Zones.

4.7.2.1 Shallow Surficial Zone. The shallow surficial water bearing

zone consists of fill material dredged from the waterway and obtained from
other sources. The fill was placed on top of a salt water marsh area that
sloped from Taylor Way towards the waterway and from both the east and west
ends of the site towards the area near PW-1 (Figure 4-7).

The elevation of the top of the uppermost confining layer that forms
the base of the fill deposits ranges from 16 to 21 ft around the perimeter
of the plant property and drops to less than 10 ft in the vicinity of
monitoring stations P-1, P-2, and P-3. The configuration of the top of the
clay layer resembles a trough with the rim near Taylor Way. The elevation

of this rim is high enough to minimize groundwater flow into or away from

ELF000215
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the site in the shallow surficial water bearing zone. The groundwater
found in this z2one is recharged by precipitation on the plant site and
seepage or leaks from water-use facilities on the plant site.

Five groundwater monitoring wells were initially installed in the
shallow surficial zone to monitor the water table elevation and collect
water quality samples. These shallow wells were installed at monitoring
stations P-1, P-3, P-4, P-6 and P-10. The initial water level data col-
lected was insufficient to produce a water table map, however, the water
table elevation appeared to range between 18 ft and 20 ft elevation with
the gradient towards the waterway. There was no readily apparent evidence
of mounding in the vicinity of the Taylor Lake area with the highest water-

level readings being obtained from the shallow well at monitoring sta-

tion P-6. It is probable that any groundwater mound that had been devel-

oped beneath the Taylor Lake area had dissipated as a result of the discon-
tinuation of discharge to the lagoons.

Following a review of the physical and chemical data obtained from the
five initial monitoring wells tapping the surficial zone, it was deter-
mined that four additional wells would be needed to adequately monitor and
evaluate contaiminant migration through the surficial zone. These four
additional wells, P-12SS, P-13SS, P-14SS, and P-15SS, were subsequently
installed on September 21, 1981, by Kring Drilling Company under the
direct supervision of Shannon & Wilson, Inc. Water level measurements
obtained from these and the other five shallow wells indicate a slight

mounding in the vicinity of wells P-6SS, P-13SS, and P-14SS (Table 4-9).

ELF000214
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TABLE 4-3

WATER LEVEL ELEVATIONS MEASURED IN THE
SHALLOW ZONE MONITORING WELLS
September 24, 1981

Monitoring Water Level
Well Time Elevation
(ft, MSL)
P-1SS 10:20 15.73
15:15 15.78
P-3SS 09:23 19.01
14:58 19.05
P-6SS 09:43 19.83
15:07 19.87
p-12SS 08:51 17.95
14:29 18.18.
P-13SS 09:33 19.53
. 14.57 19.50
(ij"x P-14sS 09:05 19.29
e 14:37 19.32
P-15SS 09:15 -~ 19.14(?)
14:45 17.78
NOTE: Lower low tide 5.8 ft(MSL) at 0:853 on 9/24/81,

(i?, ELF000219
)

Higher high tide 17.6 ft(MSL) at 16:09 on 9/24/81.
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In order to determine the approximate horizontal hydraulic conduc-
tivity of the shallow surficial zone, field slug tests were performed on
monitoring wells P-3SS, P-6SS, and P-13SS. Thése tests were performed by
Shannon & Wilson in accordance with methods described by Hvorslev (1951).
Since slug tests are subject to error due to such factors as screen block-
age, entrained gas bubbles and conduit seepage, the calculated hydraulic
conductivities are considered approximate.

The field observations obtained from the slug tests are summarized in
Table 4-10, with the plots of these observations being provided in
Figure 4-12. Based upon the measurements obtained from these tests, the
hydraulic conductivities calculated for the surficial zone are 55, 62, and
71 gal/day/sq ft for wells P-3SS, P-6SS, and P-13SS, respectively. These
calculations are based upon a hydrostatic time lag at 90 percent equiliza-
tion (Tgo) as reconmended by Hvorslev for~practical problems. These values
correlate very well with the hydraulic conductivities reported for similar
type materials at the nearby Hooker facility.

Field observations made along the waterway bank revealed a white
precipitate, probably magnesium hydroxide and calcium carbonate, had
deposited above the low tide water 1ine’from the dock area to the eastern
property boundary. Also observed were several seepage zones as well as
water flowing around sewer lines that protrude from the bank. It is
probable thét the precipitate has plugged the pore spaces between the sand
grains near the bank creating a zone of low permeability restricting the

discharge of groundwater from the shallow surficial zone into the water-

-way. The seeps and water flowing around the pipes are probably a result of

ELF000220
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TABLE 4-10
SLUG TEST FIELD DATA

Depth to Water,

H Elapsed Time
Well Number (in ft) (sec)
p-3SS 1.00 2.4, 2.4
2.00 4.6
3.00 7.7
3.50 12.0
3.75 15.4

Initial depth to water (Ho) prior to testing equals 4.65 ft.

P-6SS ‘ 1.00
2.00
3.00
3.50
3.75
4.00 : 19,

00 +— —
W N P
. . . . .
— O WWMNO

Initial depth to water (Ho) prior to testing equals 4.44 ft.

P-13SS 1.00 1.2
2.00 3.4
3.00 6 5.

4.00 9.1, 10.

4,50 13

4.75 17

Initial depth to water prior to testing (Ho) equals 5.17 ft.
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preferential routing and discharge from the shallow zone. It is thought at
this time that the low permeability zone along the bank has a damming
effect which impedes the discharge of groundwater from the shallow surfi-
cial zone.

The groundwater flow rate through the surficial zone can be calcu-
lated utilizing the fundamental law of saturated fluid flow through a

porous medium, Darcy's Law, which can be written in the following form:

%=v=«§%

where:

volume rate of flow.

cross-sectional area.

specific discharge of Darcy velocity.
hydraulic conductivity.

hydraulic gradient,

q_,BX<>O

The Darcy velocity identified above is not a true velocity of flow in a
porous medium, but a superficial velocity. The macroscopic average linear

velocity or pore velocity, v, is defined as:

ved-Yto X g;

where n is the porosity of the medium and 7.48 is a conversion factor from
gal to cu ft.

Utilizing the measured field permeability values, a hydraulic
gradient of 0.005, and an effective porosity of 0.20, the resulting velo-

city of groundwater in the shallow zone would be:

v =Tmy%%-.—2')' x 0.005
= 0.18 ft/day
V=7Tm%%ﬂxmws

0.24 ft/day
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Based upon the above flow velocities, an aquifer width of 2,250 ft, and an
average saturated aquifer thickness of eight ft, the total quantity of
groundwater discharge from the shallow zone beneath the plant site would
be:
Q = (0.18)(0.20)(2,250 x 8)
= 661.7 cu ft/day
- 4,950 gpd
Q = (0.24)(0.20)(2,250 x 8)
= 854.3 cu ft/day
= 6,390 gpd

4,7.2.2 Intermediate Water Bearing Zone., The intermediate water

bearing zone is a silty, fine sand bed overlain by an organic, clayey silt
that acts as a confining layer. The sand unit ranges from 3 to 15 ft in
thickness with an average saturated thickness of 8.5 %t. The elevation of
the top of this unit ranges from 7.4 to 16.5 ft above mean sea level. The
Hylebos Waterway has been excavated to a depth below this unit providing

access for direct discharge of groundwater from the intermediate zone into

the waterway.

Potentiometric maps have been constructed for high tide and low tide
conditions using the water level data collected for the period April 30 -
May 1, 1981 and July 3, 1981 (Figures 4-13, 4-14, and 4-15). The potentio-
metric surface map at low tide shows a hydraulic gradient sloping to the
northeast with groundwater movement into the waterway (Figure 4-13). The
high tide potentiometric surface map shows a temporary transient mounding

effect along the waterway causing a damming effect on the groundwater flow

ELF000224
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(Figure 4-14). The tidal effect may also create a reversal of flow causing
the temporary inflow of seawater over short distances into the zone. The
seawater that enters the zone during high tide will be flushed out during
the next low tide cycle. The tidal effect as seen on the potentiometric
surface map extends approximately 400 ft inland from the waterway. The
potentiometric surface for the high tidal cycle showed a similar configu-
ration during both the first and second set of measurements.

The potentiometric surface map for the first round of sampling also
shows a mounding effect in the vicinity of Taylor Lake caused by inflow
from the lagoons into the intermediate water bearing zone. A second
groundwater recharge mound is indicated in the vicinity of the salt storage
area but the monitoriné well spacing is such that insufficient data are
available to accurately define flow conditions for the western portion of
the property. Use of the lagoons at the Taylor Lake area was discontinued
between the first water level measurements of April 30, 1981 and the second
set of measurements on July 3, 1981. The potentiometric surface map for
low tide on July 3, 1981 shows the absence of a groundwater mound in the
Taylor Lake area indicating that recharge from the lagoons has stopped
(Figure 4-15).

The permeability of the intermediate zone was estimated using the
effective grain size of the samples collected during monitoring well con-
struction. The permeabilities were estimated to be in the range from
90 gpd/sq ft to 240 gpd/sq ft. The hydraulic gradient from the south
property boundary to the Taylor Lake area is approximately 0.006. The

calculated velocity of the groundwater in this area is 0.36 ft/day to

ELF000228
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0.96 ft/day. The estimated groundwater flow across the entire site in the
intermediate zone is estimated to range from 10,600 gal/day to
28,000 gal/day.

The differences in water level elevations measured in the inter-
mediate zone wells and the shallow surficial zone wells indicate the exist-
ence of a downward hydraulic gradient from the shallow surficial zone to
the intermediate zone. The greater hydraulic head in the shallow surficial
zone has the potential to cause groundwater movement to occur from the
shallow zone to the intermediate zone. It is likely that such movement
occurs in the vicinity of monitoring stations P-1, P-2 and P-3 where the
clay confining layer thins to approximately 4 ft.

4.7.2.3 Deep Water Bearing Zone, The deep water bearing zone is a

silty, fine-sand, hydraulically confined by a clayey silt and fibrous
organic layer. The confining layer ranges from 5 to 25 ft in thickness
across the site. The groundwater monitoring wells were installed in the
uppermost 20 ft of the deep zone; however, the total thickness of this zone
was not determined. The elevation of the top of the unit is approximately
20 ft below mean sea level. The Hylebos Waterway has been dredged to a
depth of 32 ft below MSL and; therefore, intersects the top of the unit.
Potentiometric maps have been developed for lower low tide and higher
high tide conditions for the water level elevations measured on April 30,
1981 and May 1, 1981 (Figures 4-16 and 4-17). These figures show the
potentiometric surface to have a gradient to the northeast with resulting
groundwater movement in that direction and discharge to the Hylebos

Waterway. The hydraulic gradient is constant towards the northeast at low
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tide, but high tide causes a mounding and damning effect along the waterway
boundary. The high tide effect causes a temporary reversal of the
hydraulic gradient along the waterway and an increase in elevation of the
potentiometric surface under the site. The reversal of the gradient
extends inland about 500 ft from the waterway. The increase in elevation
of the potentiometric surface continues, and decreases in magnitude, from
the reversal interface to the south.

At lower low tide on April 30, 1981, the potentiometric surface of the
deep zone had a hydraulic gradient of apﬁroximate]y 0.0096. The per-
meability of the deep zone was estimated, using the effective grain size of
the samples collected during monitoring well construction, to range from
90 gpd/ft2 to 230 gpd/ftz. The resulting calculated rate of groundwater
velocity ranges from 0.58 ft/day to 1.48 ft/day. The estimated ground-
water flow under the Pennwalt facility ranges from 37,400 gal/day to
95,700 gal/day through the upper 20 ft of the deep aquifer.

The difference in potentiometric head between the intermediate and

deep zones generally shows the existence of a downward hydraulic gradient

from the intermediate to deep zone. There is a potential for groundwater

movement from the intermediate zone through the confining zone to the deep
zone. The potentiometric surface maps and groundwater quality data do not
indicate a significant flow in this direction, however, it might occur

through areas of greater permeability in the confining zone.

ELF000232
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4.8 GROUNDWATER QUALITY

4.8.1 Monitoring Network

In order to assess the vertical and areal distribution of potential
contaminants in the groundwater system beneath the Pennwalt facility, a
total of 21 monitoring wells were initially installed at 11 stations across
the plant site (Plate 1). -With the exception of monitoring station P-11,
all monitoring stations consisted of a shallow well approximately 24 to
34 ft deep and a deep well approximately 55 to 65 ft deep. Only a shallow
monitoring well was installed at monitoring station P-1l. The shallow
wells at each monitoring station were completed into the intermediate
water-bearing zone beneath the site with the deep wells tapping the deep
water-bearing zone. The shallow well at station P-1 was inadvertently
screened in both the shallow surficial zone and the intermediate water-
bearing zone. Following the first two sampling rounds, this monitoring
well was subsequently pulled and the borehole was backfilled from a depth
of 23 ft to the ground surface with a cement-bentonite grout to prevent
cross contamination between the shallow and intermediate zones. The geo-
logic logs and as-built drawings for each of these monitorjng wells are
provided in Appendix A.

As a result of information generated during the installation and
sampling of these initial 21 monitoring wells, it was determined that five
additional shallow monitoring wells would be needed to obtain information
on contaminant migration through the uppermost surficial fill deposits at

the Pennwalt facility. The five additional shallow monitoring wells were

ELF000233
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installed at stations P-1, P-3, P-4, P-6, and P-10 with these wells being
installed to depths ranging from 6 to 13 ft (Plate 1). The geologic logs
and as-built drawings for each of the supplemental wells are provided in
Appendix A.

Following the review and evaluation of data obtained from the five
shallow wells tapping the surficial fill deposits, it was again determined
that supplemental shallow wells would be warranted in order to more clearly
define and evaluate contaminant migration through the surficial zone and
subsequent discharge to the waterway. Therefore, four additional shallow
wells, P-12SS, P-13SS, P-14SS, and P-15SS, were installed downgradient of
the Penite area (Plate 1). These wells ranged in depth from 9.4 to
12.2 ft. The geologic logs and as-built drawings for each of the four
additional 'shallow wells are included in Appendix A.

A1l groundwater monitoring wells installed as part of this project
were drilled and constructed by the Kring Drilling Company under the direct
field supervision of a staff hydrogeologist from Shannon and Wilson, Inc.
Overall supervision and responsibility for the monitoring program was by
AWARE, Inc. Each of the monitoring wells was drilled utilizing a modified
Mobile B-61 drill rig equipped with 4-in 1.D. hollow-stem auger. All of
the initial monitoring wells were constructed of 1.5-in I.D. threaded PVC
casing equipped with a 10-ft section of No. 10 slot PVC screen. A 5-ft
blank section of PVC casing was placed at the bottom of each well to serve
as a silt trap. A 5-ft section of 4-in I.D. steel casing equipped with a
threaded steal cap was installed at the surface for protective purposes.

The nine additional shallow wells were also constructed of 1.5-in I.D.

ELF000234
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threaded PVC casing; however, these wells were equipped with only 5-ft or
3-ft (P-10) sections of No. 10 slot PVC screen. These wells were not
equipped with silt traps, and 4-in 1.D. PVC pipe equipped with a slip-on
cap was utilized for the outer protective casing at the surface. Details
of monitoring well construction are provided in Appendix A.

In order to minimize the potential cross-contamination during the
drilling operation, all auger flights were properly cleaned following the
drilling of each well. The monitoring wells were installed in sequence
beginning in areas of least expected contamination and proceeding to areas
of highest expected contamination. Following completion of all wells,
each of the initial 21 monitoring wells were pumped for a minimum of 2 hr
by means of a centrifugal pump in order to develop the wells and to remove
any contaminants introduced during the drilling and installation process.
With the exception of wells P-5S, P-6S, and P-9S, all wells yielded sedi-
ment-free water. However, the discharge from these wells was sediment free
during the subsequent sampling programs. The nine supplemental shallow
monitoring wells were developed for a minimum of 30 minutes with a centri-
fugal pump. At the end of this development period, each of these wells,

with the exception of P-10SS, yielded sediment-free water.

4.8.2 Sampling Frequency and Methods

In order to establish an adequate data base upon which to conduct
subsequent evaluations, two seperate sampling rounds were conducted for
the initial 21 monitoring wells with two additional sampling round being
conducted for the supplemental shallow zone wells. The first round of

groundwater samples was collected on April 29-30, 1981, with individual
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samples being collected from both the intermediate zone and deep zone
‘monitoring wells at high and low tides. In addition to the high and low
tide samples collected from each well during the first round, a single
composite sample was collected from each of the eleven montioring stations
for subsequent priority pollutant analysis. The second round of ground-
water samples from the initial 21 monitoring wells was collected on July 2,
1981, with individual samples being collected from both the intermediate
zone and deep zone wells at high and low tides. The sampling of the
jnitial five shallow wells was conducted on August 13, 1981, with in-
dividual samples being collected from these wells at high and low tides.
The final round of groundwater samples was collected on September 24,
1981, with samples being collected from the four supplemental shallow
wells and shallow wells P-1SS, P-3SS, and P-6SS.

Prior to the collection of groundwater samples during each sampling
round, all monitoring wells, with the exception of well P-10SS, were purged
of at least three volumes of standing water. During the first, second, and
fourth sampling rounds, a centrifugal pump was utilized to evacuate each
well the day prior to sampling; whereas, during the third sampling round a
peristaltic pump was utilized to purge the we11§ jmmediately prior to
sampling. Separate intake hoses were used for the centrifugal pump in
purging the intermediate zone and deep zone monitoring wells with the hoses
being thouroughly rinsed after pumping each well. During the third sam-
pling round, a separate piece of tygon tubing was uti]ized.for purging each
monitoring well. The purging of wells prior to collection of each round of

samples was conducted by personnel from Shannon and Wilson, Inc.
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The first and second rounds of groundwater samples were collected by
personnel from AWARE, Inc. and Shannon and Wilson, Inc. The third and
fourth rounds of samples were collected by personnel for Shannon and
Wilson, Inc. Collection of groundwéter samples during the first and second
rounds was initiated approximately one and one-half hours prior to the high
or lTow of the tidal cycle and was completed approximately one hour follow-
ing the high or low tide. Sampling during the third and fourth round began
about one hour prior to the high or low of the tidal cycle and was com-
pleted about one hour after the high or low tide.

A1l groundwater samples collected as Pf[t of this program were ob-
tained utilizing a Cole Parmer, electric, peristaltic pump equipped with
tygon tubing. A separate piece of tygon tubfng was utilized for each
monitoring well sampled. All samples were collected in appropriate con-
tainers provided by Laucks Laboratory (first round) and Am Test, Inc.
(second, third, and fourth rounds). Immediately following collection,
eéch sample was placed in wet ice for subsequent shipment to the labora-
tory. A1l samples were delivered to the laboratory within 24-hr of collec-
tion of the final sample. Individual sample collection data shests are
provided in Appendix C which summarize all pertinent sampling information

for each groundwater sample collected as part of this program.

4.8.3 Analytical Parameters

In order to properly determine and evaluate the chemical character-
istics of the groundwater underlying the Pennwalt facility, analytical
parameters for the first round groundwater samples included both priority

pollutants as well as a reduced list of 17 inorganic parameters and five
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organic parameters (Table 4-11). The analyses for priority pollutants
were performed on composited first round samples from high/high an&
low/low tide from the deep and intermediate wells at each monitoring
station. The priority pollutant analyses performed on these composited
samples were utilized as a screening mechanism to determine the presence or !
absence of various Hotential contaminants. The reduced list of parameters
was analyzed for each individual sample collected at high/high and low/low
tides from the shallow and deep wells at each monitoring station. The
parameters included in this reduced list were selected based upon known or
expected waste constituents as well as contaminants indentified in
previous sampling surveys conducted by NOAA. The analytical results for
the first round groundwater samples are summarized in Tables 4-12, 4-13
and 4-14.

.Based upon the analytical results of the first round groundwater
samples, a total of five -inorganic parameters and three organic parameters
were selected for the second round sampling program (Table 4-15). These
parameters included pH, arsenic, hexavalent chromium, total chromium,
total cyanide, chloroform, carbon tetrachloride, and tetrachloroethylene.
These parameters were determined to be the contaminants of concern at the
Pennwalt facility based upon a review meeting of Pennwalt, Nashfngton DOE,
Pierce County Health Department, U.S. EPA, and AWARE. In addition to the
three organic parameters, it was agreed that chlorinated ethanes would be
analyzed for all samples from monitoring station PW-1. The third round of
groundwater samples collected from the shallow zone at monitoring stations

p-1, P-3, P-4, P-6, and P-10 were analyzed for the same limited parameters
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TABLE 4-11

FIRST ROUND ANALYTICAL PARAMETERS

Priority Pollutants
Antimony
Arsenic
Barium
Copper
Nickel
Cadmium
Lead
Zinc
Silver
Mercury
Selenium

Chromium, Total
Chromium, Hexavalent
Chloride

Sod ium

Magnesium

Calcium

Chloroform
Dichlorobromomethane
Dibromochloromethane
Bromoform

Carbon Tetrachloride
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TABLE 4-15
SECOND ROUND ANALYTICAL PARAMETERS

pH

Arsenic

Chromium, Hexavalent
Chromium, Total
Cyanide, Total
Chloroform

Carbon Tetrachloride
Tetrachloroethylene

Additional Analyses for Station PW-1

1,1 Dichloroethane

1,2 Dichloroethane

1,1,1 Trichloroethane
1,1,2 Trichloroethane
Tetrachloroethane

1,1,2,2 Tetrachloroethane

ELF000252
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as the second round samples with chlorinated ethanes being analyzed for
samples from monitoring stations P-1 and P-3. The final round of samples
were analyzed only for arsenic. The analytical results for the second
round samples are summarized in Tables 4-16 and 4-17 with analytical
results for the third round samples being provided in Table 4-18, and
result for the fourth round samples provided in Table 4-19.

A1l laboratory analyses were performed in accordance with approved or
recommended EPA methods, where available. In order to provide quality
control for laboratory analyses, replicate samples were collected during
the first and second sampling rounds from monitoring stations P-3 and P-1,
respectively. In addition, in-house laboratory replicate measurements
were made for selected parameters on selected samples. The results of
these quality control measurements are included in Tables 4-20, 4-21,

4-22, 4-23, and 4-24.

4.8.4 First Round Results (Priority Pollutants)

The analytical results of priority pollutant analyses perfonhed on
the composited groundwater samples from thé eleven separate monitoring
stations revealed a total of only 20 parameters with quantitated con-
centrations. A summary of the priority pollutant parameters with quanti-
tated concentrations is provided in Table 4-25. These analytical results
can only be utilized as indications of the presence or absence of in-
dividual parameters and do not allow evaluation of the vertical or areal
distribution of contaminants or changes in concentrations with tidal fluc-
tuations. As can be seen from Table 4-25, ten of the parameters with

quantitated concentrations were detected at only a single monitoring sta-

ELF000253
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TABLE 4-19

September 24, 1981

ANALYTICAL RESULTS FOR ARSENIC SAMPLING OF
SHALLOW ZONE MONITORING WELLS

|

Monitoring
Well Arsenic

Sample (mg/1)
PW-1SS-LT 0.19
PW-1SS-HT 0.22
PW~-3SS-LT 886
PW-3SS-HT Qlda
- PW-6SS-LT 2,800/2,170
PW-6SS-HT 3,190
PW-12SS-LT 100
PW-12SS-HT 123
PW-13SS-LT 286
PW~13SS-HT 234
PW-14SS-LT 340
PW-14SS-HT 235
PW-15SS-LT 10.0
PW-15SS-HT 11.7

aLaboratory replicate analysis.
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TABLE 4-24

RESULTS OF LABORATORY REPLICATE
ANALYSES OF SHALLOW ZONE SAMPLES

Arsenic Cr Cr+6 CN
(mg/1) (mg/1) (mg/1) (mg/1)

PW-1SS-HT
PW-3SS-HT
PW-4SS-HT
PW-6SS~HT
PW-10SS-HT
PW-1SS-LT
PW-3SS-LT
PW-4SS-LT
PW-6SS-LT
PW-10SS-LT

<0.003/<0.003 1.60/ 1.63
<0.003/<0.003 0.130/ 0.125

0.33/0.34

<0.005/<0.005
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